All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Behavioral and psychological symptoms of dementia (BPSDs) negatively impact the prognosis of dementia patients \[[@pone.0161092.ref001]\] and increase caregiver distress \[[@pone.0161092.ref002]\], and accelerate the need for institutionalization \[[@pone.0161092.ref003]--[@pone.0161092.ref005]\]. The first step in treating BPSD involves non-pharmacological therapies \[[@pone.0161092.ref006]\]. Effective non-pharmacological therapies include group activities and music therapy for agitation and depression \[[@pone.0161092.ref007]--[@pone.0161092.ref009]\], and music therapy \[[@pone.0161092.ref010]\] and cognitive behavioral therapy \[[@pone.0161092.ref011]\] for anxiety. However, these therapies must be implemented according to clearly defined programs devised by specialists, and cannot be administered by non-professionals. If no improvements are seen with non-pharmacological therapies, pharmacological therapy should be considered \[[@pone.0161092.ref006]\]. Cholinesterase inhibitors \[[@pone.0161092.ref012]--[@pone.0161092.ref014]\] and memantine \[[@pone.0161092.ref015]\] can be used against BPSD in Alzheimer's disease (AD), while rivastigmine \[[@pone.0161092.ref016]\] and donepezil \[[@pone.0161092.ref017]\] are used for dementia with Lewy bodies (DLB). The effectiveness of these drugs is often insufficient, in which case, atypical antipsychotic drugs are an option. However, adverse events often occur with atypical antipsychotics, and their effectiveness is limited.

It is important that BPSDs are detected soon after onset while the symptoms are still mild. At this time, they should be handled according to the general standards recommended by the American Psychiatric Association Work Group on Alzheimer\'s Disease and Other Dementias \[[@pone.0161092.ref018]\]. Policies that can help to prevent BPSD progression in dementia patients include keeping requests and demands relatively simple, deferring requests if the patient becomes overly upset or angered, avoiding overly complex tasks that may lead to frustration, and so on. The complete guide to BPSD developed by the international psychogeriatric association is also available online (<https://www.ipa-online.org/publications/guides-to-bpsd>). In order to prevent progression of BPSD, it is important that family caregivers, who spend a long time with and are closest to the patient, detect BPSD as quickly as possible. Knowledge about which symptoms are likely to occur, and in which patients can facilitate early detection, as observation can be focused on symptoms that have a high possibility of occurring, and reduce the chance that they might be overlooked. Different BPSDs are associated with different dementias; for example, visual hallucinations often occur in DLB, while disinhibition is common in frontotemporal lobar degeneration (FTLD) \[[@pone.0161092.ref019]\]. Symptom characteristics also differ depending on disease severity. Agitation and disinhibition are more severe in AD and vascular dementia (VaD) patients with moderate dementia (clinical dementia rating scale score 2 (CDR 2)) than in patients with mild dementia (CDR 1) \[[@pone.0161092.ref020]\]. However, no studies to date have comprehensively investigated BPSD frequency, severity, and associated caregiver distress in a large number of patients.

The present study collected BPSD data from seven specialized centers for dementia in Japan. The first aim of this study was to clarify the effect of dementia severity on 12 kinds of BPSDs in four major dementias (AD, DLB, VaD, and FTLD). The second aim was to develop charts that summarize the frequency, severity, and associated caregiver distress (ACD) of 12 BPSDs in the four types of dementia.

Methods {#sec006}
=======

This study was part of a large, multicenter project conducted in Japan, \"The Japan multicenter study: Behavioral and psychological symptoms Integrated Research in Dementia (J-BIRD)\". The main aim of the J-BIRD project was the development of strategies to prevent and treat BPSDs based on how and why they arise in patients with dementia. Seven specialized centers for dementia in Japan (J-BIRD centers, see Acknowledgement) participated in the project. This retrospective observational study was conducted without intervention and in compliance with national legislation and the Declaration of Helsinki. All patient information was anonymized and stored as unlinked data prior to analysis in order to prevent the disclosure of personal information. No monetary incentives were provided to the participants or caregivers. The study was undertaken after obtaining approval from the ethics committee at one of the seven participating centers, Osaka University Hospital. The ethics committees of the other six centers considered this study a quality-controlled study that did not necessitate ethical approval.

Procedures {#sec007}
----------

At the outpatient departments of the J-BIRD centers, patients were examined by psychiatrists and neurologists specializing in dementia, as well as routine laboratory tests and standard neuropsychological examinations. They were also evaluated in terms of activities of daily living. Based on these data, CDR scores are calculated to determine disease severity \[[@pone.0161092.ref021]\]. BPSDs are evaluated using the Neuropsychiatric Inventory (NPI) \[[@pone.0161092.ref022]\]. In addition, electroencephalography, brain magnetic resonance (MR) imaging, and/or cerebral perfusion studies with single-photon emission computed tomography, cerebrospinal fluid examination including concentrations of amyloid β42, total tau, and hyperphosphorylated tau, were performed. Dementia type was diagnosed based on the results of all tests, and all data were registered in the clinical databases at each facility.

In the present study, NPI, demographic and clinical data were collected regarding patients who came to the J-BIRD centers for the first time during the 5-year period from August 1, 2008 to July 31, 2013 and were suspected to have dementia. The NPI data were collected by each facility using one of the following four surveys: the original 10-item survey \[[@pone.0161092.ref022]\]; a 12-item survey comprising the 10-item survey plus eating abnormalities and sleep disturbances \[[@pone.0161092.ref023]\]; an 11-item survey comprising the 10-item survey plus cognitive fluctuation \[[@pone.0161092.ref024]\]; and a 13-item survey comprising all items. ACD of each item was evaluated according to NPI Caregiver Distress Scale (NPI-D) \[[@pone.0161092.ref025]\]. We collected all of the NPI data of the four surveys and used 12 BPSDs except for cognitive fluctuation in this study.

The present investigation focused on patients with AD, VaD, DLB, and FTLD, which are commonly occurring dementias. The diagnosis of dementia was made according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 3rd edition-revised (DSM-III-R) \[[@pone.0161092.ref026]\]. Diagnoses of AD, VaD, DLB, and FTLD were based on criteria established by the National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer's Disease and Related Disorders Association \[[@pone.0161092.ref027]\]; the International Workshop convened by the National Institute of Neurological Disorders and Stroke with support from the Association Internationale pour la Recherche et l\'Enseignement en Neurosciences \[[@pone.0161092.ref028]\], and/or the Alzheimer\'s Disease Diagnostic and Treatment Centers \[[@pone.0161092.ref029]\]; the Consortium on DLB International Workshop \[[@pone.0161092.ref030]\]; and the International collaborative workshop on FTLD \[[@pone.0161092.ref031]\], respectively. We collected all of the three kinds of FTLD, frontotemporal dementia (behavioral variant of FTD), semantic dementia, and progressive nonfluent aphasia.

In order to reflect BPSD status from a clinical perspective, we included the data of patients with AD, DLB, and FTLD with complications of cerebral vascular disease (CVD), which could not solely be a cause for dementia. However, patients with two or more concomitant dementias were excluded from the analysis. Patients without a definitive diagnosis and those with developmental abnormalities, serious psychiatric diseases, substance abuse, or significant neurologic antecedents such as brain trauma, brain tumor, epilepsy, and inflammatory disease, were excluded. Patients with one or more missing NPI data item were analyzed based on the available data; however, those with missing total CDR scores or with CDR scores that were 0 were excluded.

Statistical analysis {#sec008}
--------------------

The NPI composite scores (frequency × severity) of 12 kinds of items were analyzed using a principal component analysis (PCA) to explore the structure of the NPI. Although the same factor solution is applicable in the comparison of AD, VaD, DLB and Parkinson's disease \[[@pone.0161092.ref032]\], we were not confident that the same factor solution could be used when FTLD is included, so we used separate PCAs for each type of dementia. Before carrying out the PCA, the suitability of data and the factorability of the correlation matrix were assessed by calculating the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) and Barlett's Test of Sphericity. The PCA was used to analyze the inter-item relationship and to extract the initial factors, and then a Varimax rotation was performed. The number of factors to be retained was determined by examining the eigenvalues exceeding 1.0 and by examining a scree plot. Items with factor loadings ≥ 0.30 were entered into a factor. A factor analysis accompanies factor scores, which can be used as variables in subsequent statistical analyses. We compared the factor scores at four stages of disease severity (CDR 0.5, 1, 2, and 3) using the Kruskal-Wallis test. Significance was set at p\<0.05. Items with a significant difference were then subjected to post hoc tests using of the Mann-Whitney U. Significance in the post hoc tests was set at p\<0.05/6 = 0.0083. As additional analyses, we compared NPI frequency, severity, and ACD scores for each of the 12 BPSD at four stages of disease severity using the Kruskal-Wallis test. Items with a significant difference were then subjected to post hoc tests using of the Mann-Whitney U. The PCA was conducted using the data of patients who had all of the 12 kinds of BPSDs in the NPI. Additional analyses were conducted using the data of patients who had each of the 12 kinds of BPSD.

The same analyses were repeated for each type of dementia. All statistical analyses were performed with SPSS18.0 (SPSS Inc. Chicago, Illinois).

Chart development {#sec009}
-----------------

Family caregivers have few opportunities to compare BPSD for different dementias. The present charts are primarily intended to enable family caregivers to understand how BPSD will change as the relevant dementia progresses. During chart development for AD, data for patients with a diagnosis of AD were extracted from the overall NPI data. Then, one of the 12 BPSDs was selected, and bar graphs were created for "Frequency," "Severity," and "Caregiver distress," respectively. On the NPI, symptom frequency was scored as follows: 0, never; 1, less than once a week; 2, about once a week; 3, more than once a week but less than once a day; and 4, at least once a day. The proportions of the patients in each score group were represented in one bar on the 'Frequency' graph. Separate bars were created for each CDR group. Bar graphs were then created in the same way for "Severity" and "Caregiver distress". Data from patients with a frequency score of "0, none" for BPSD were excluded from the graphs for "Severity" and "Caregiver distress". This process was performed for all 12 BPSDs and then repeated for the other three dementias.

For each BPSD, patients with an NPI severity score of 2 or more were categorized as "patients with S≥2," and patients with moderate or greater caregiver distress were categorized as "patients with ACD≥M". These groups were regarded as those with considerable severity or caregiver distress. We also focused on low frequency (LF) BPSDs that caused high caregiver distress (BPSDs-LF/HCD). We regarded BPSDs whose frequency was less than 20% but the percentage of patients with ACD≥M was more than 50% as BPSDs-LF/HCD in this study. Whether the BPSDs met the criteria for BPSDs-LF/HCD was determined in each of 192 groups (12 BPSDs × 4 kinds of CDR scores × 4 types of dementia).

Results {#sec010}
=======

Data were collected for a total of 2447 patients in the J-BIRD. Patients with mild cognitive impairment (MCI; n = 293), normal pressure hydrocephalus (n = 161), subjective cognitive impairment (n = 46), corticobasal degeneration (n = 32), progressive supranuclear palsy (n = 26) and CVD without dementia (n = 4) were excluded from the study. The remaining patients, who were the subjects of this study, included 1301 AD patients, 269 DLB patients, 191 VaD patients, and 124 FTLD patients.

Alzheimer's disease (AD) {#sec011}
------------------------

Of the 1301 AD patients, six had CDR 0, 161 had incomplete CDR data, one had no NPI data, and 42 had other dementias; these patients were excluded. Therefore, the AD charts ([S1 File](#pone.0161092.s001){ref-type="supplementary-material"}) were finally developed based on 1091 patients (339 men, 752 women; mean age was 76.9±8.7 years; mean mini-mental state examination (MMSE) score was 18.9±5.4; mean length of education was 10.8±2.8 years). The complete demographic data for the patients with all for dementias are given in [S1 Table](#pone.0161092.s005){ref-type="supplementary-material"}.

The results of PCA for NPI composite scores classified the 12 BPSDs into three factors ([S2 Table](#pone.0161092.s006){ref-type="supplementary-material"}). The BPSD that were loaded into Factor 1 were delusions, agitation, depression, anxiety, disinhibition, and irritability; Factor 2 included hallucinations, apathy, aberrant motor behavior (AMB), sleep disturbances, and eating abnormalities; and Factor 3 included hallucinations, euphoria and disinhibition. Significant differences were observed between the CDR groups in Factors 1 and 2, but not Factor 3 ([Table 1](#pone.0161092.t001){ref-type="table"}). Post hoc test results showed that the scores of Factors 1 and 2 increased with higher CDR scores.

10.1371/journal.pone.0161092.t001

###### NPI factor scores according to dementia severity in patients with four dementias.

No. patients shown in bold.

![](pone.0161092.t001){#pone.0161092.t001g}

                                          CDR                                                            
  --------------------------------------- ------------- ------------ ------------ ------------ --------- -----------------------
  **Alzheimer's disease**                 **261**       **336**      **142**      **30**                 
   1 (Del, Agit, Dep, Anx, DI, Irrit)     -0.24±0.06    0.03±0.05    0.31±0.08    0.38±0.18    \<0.001   0.5\<1, 2, 3; 1\<2
   2 (Hal, Ap, AMB, SD, EA)               -0.43±0.06    0.09±0.05    0.36±0.08    1.07±0.17    \<0.001   0.5\<1, 2, 3; 1\<2, 3
   3 (Hal, Eup, DI)                       -0.01±0.06    -0.06±0.05   0.17±0.08    -0.05±0.18   0.124     
  **Dementia with Lewy bodies**           **43**        **69**       **41**       **9**                  
   1 (Del, Hal, Agit, Irrit, EA)          0.04±0.15     -0.06±0.12   0.06±0.16    0.02±0.34    0.963     
   2 (Dep, Anx, EA)                       0.13±0.15     0.02±0.12    -0.06±0.16   -0.49±0.33   0.173     
   3 (Ap, AMB, SD)                        -0.30±0.14    -0.14±0.11   0.32±0.15    1.06±0.32    \<0.001   0.5\<2, 3; 1\<3
   4 (Agit, Eup, Ap, DI, Irrit)           -0.15±0.15    -0.18±0.12   0.40±0.15    0.28±0.33    \<0.001   0.5\<2; 1\<2
  **Vascular dementia**                   **23**        **49**       **21**       **6**                  
   1 (Agit, DI, Irrit, AMB, SD)           -0.24±0.20    -0.17±0.13   0.28±0.20    1.34±0.38    0.036     
   2 (Dep, Anx, Ap, SD)                   -0.33±0.21    -0.03±0.14   0.28±0.22    0.48±0.40    0.006     0.5\<1, 2
   3 (Eup, AMB, SD, EA)                   0.13±0.21     -0.11±0.14   0.07±0.22    0.15±0.41    0.908     
   4 (Del, Hal)                           0.05±0.21     -0.04±0.14   -0.09±0.22   0.45±0.41    0.183     
  **Frontotemporal lobar degeneration**   **23**        **18**       **17**       **4**                  
   1 (Del, Agit, Eup, DI, Irrit, EA)      -0.30±0.20    0.42±0.23    0.07±0.24    -0.42±0.49   0.245     
   2 (Hal, Anx, Eup, SD)                  -0.06±0.20    -0.07±0.23   -0.17±0.23   1.38±0.48    0.513     
   3 (Del, AMB, SD)                       -0.40±0.20    -0.07±0.22   0.49±0.23    0.52±0.47    0.045     
   4 (Ap, AMB, EA)                        -0.34±0.20    -0.13±0.23   0.44±0.23    0.64±0.48    0.037     
   5 (Del, Dep, Anx)                      -0.003±0.21   0.19±0.24    -0.08±0.25   -0.51±0.51   0.716     

^1^Del, delusions; Hal, hallucinations; Agit, agitation; Dep, depression; Anx, anxiety; Eup, euphoria; Ap, apathy; DI, disinhibition; Irrit, irritability; AMB, aberrant motor behavior; SD, sleep disturbances; EA, eating abnormalities; CDR: clinical dementia rating

^2^Comparison between 4 CDR groups, Kruskal-Wallis test

^3^Mann-Whitney U test (p \<0.05/6 = 0.0083)

When the associations between dementia severity and each of frequency, severity, and ACD were separately analyzed, significant differences were observed between the four CDR groups in NPI frequency scores for all BPSDs excluding euphoria; in NPI severity scores for agitation, apathy, irritability and sleep disturbances; and in NPI-ACD scores for agitation, depression, anxiety, apathy, AMB, sleep disturbances, and eating abnormalities ([S3 Table](#pone.0161092.s007){ref-type="supplementary-material"}). Post hoc test results also showed increased NPI frequency, severity, and ACD scores with higher CDR scores for all BPSDs except NPI severity score for agitation in which significant differences were observed in the Kruskal-Wallis test.

Apathy was the most prevalent BPSD in all CDR groups and only the symptom with frequencies exceeding 50% in AD patients with CDR 0.5, 1, and 2 ([Table 2](#pone.0161092.t002){ref-type="table"} and [S4 Table](#pone.0161092.s008){ref-type="supplementary-material"}). The number of symptoms with proportions of patients with S≥2 were 50% or more were higher in patients with CDR 2 and CDR 3 than those with CDR 0.5 and CDR 1. The symptoms whose prevalence of ACD≥M exceeded 50% were included in the symptoms whose prevalence of S≥2 were 50% or more, except for anxiety in CDR 3 patients. Disinhibition in AD patients with CDR 0.5 met the criteria for BPSDs-LF/HCD in this study. The frequencies of hallucinations were very low for CDR 0.5 and 1 patients, at 4.6% and 7.0%, respectively, but increased to 14.5% in CDR 2 and again to 35.5% in CDR 3 patients.

10.1371/journal.pone.0161092.t002

###### Symptoms whose prevalence of dementia patients were 50% or more in each CDR score.

Symptoms in each column are shown in decreasing order of prevalence. Only symptoms that were found in at least 5 patients are shown in the table.

![](pone.0161092.t002){#pone.0161092.t002g}

                                          CDR[^1^](#t002fn002){ref-type="table-fn"}                                                                 
  --------------------------------------- ------------------------------------------- ------------------------- ----------------------------------- -----------------------------------
  **Alzheimer's disease**                                                                                                                           
  frequency≥1                             Ap                                          Ap                        Ap                                  Ap, Agit
  severity≥2                              DI, EA                                      EA                        DI, AMB, Ap, Agit, Eup              SD, AMB, Agit, Ap, EA
  ACD≥M^3^                                DI                                                                    DI, Agit                            SD, Agit, EA, AMB, Anx
  BPSDs-LF/HCD^4^                         DI                                                                                                        
  **Dementia with Lewy bodies**                                                                                                                     
  frequency≥1                             Hal, Ap, Del                                Ap, Hal, Del, SD          Ap, Del, Hal, SD                    Ap, SD, Del, Hal, AMB
  severity≥2                              EA, Del, Hal, Dep, DI                       EA, Del, Irit, Hal, AMB   Ap, DI, Del, AMB, SD, EA            SD, Ap, AMB, Del, Agit
  ACD≥M                                   Anx                                         DI, Agit, Del             DI, Irit, Agit, Del, SD             Agit, SD
  BPSDs-LF/HCD                                                                        DI                        DI                                  
  **Vascular dementia**                                                                                                                             
  frequency≥1                             Ap                                          Ap                        Ap, SD, Agit                        Ap, SD, Agit, Irrit, Del
  severity≥2                              Agit, Del, EA                               AMB, Del, Ap, Agit, EA    Irrit, Del, Ap, DI, AMB, SD, Agit   DI, Del, SD, Ap, AMB, Agit, Irrit
  ACD≥M                                   Del                                         DI, Del, Agit, Irrit      Anx, Agit, Del, Dep, SD, Irrit      Agit, SD, Ap, Dep, Irrit
  BPSDs-LF/HCD                            Del                                         Del                                                           
  **Frontotemporal lobar degeneration**                                                                                                             
  frequency≥1                             Ap                                          EA, Ap, Agit, Irrit       Ap, Agit, DI, AMB, EA, SD, Irrit    Ap, SD, EA, AMB
  severity≥2                                                                          AMB, EA                   Ap, AMB, Agit, SD, Irrit, DI, EA    Ap
  ACD≥M                                   Irrit                                                                 DI, Irrit, AMB, SD, Agit            Ap
  BPSDs-LF/HCD                            Irrit                                                                                                     

Del, delusions; Hal, hallucinations; Agit, agitation; Dep, depression; Anx, anxiety; Eup, euphoria; Ap, apathy; DI, disinhibition; Irrit, irritability; AMB, aberrant motor behavior; SD, sleep disturbances; EA, eating abnormalities

^1^CDR: clinical dementia rating

^2^NPI, Neuropsychiatric inventory

ACD≥M ^3^: Moderate or greater associated caregiver distress

BPSDs-LF/HCD^4^: BPSD whose frequency was less than 20% but the percentage of patients with ACD≥M was more than 50%.

Dementia with Lewy bodies (DLB) {#sec012}
-------------------------------

Of the 269 DLB patients, three were CDR 0, 14 had incomplete CDR data, one had no NPI data, and 2 had other dementias; these patients were therefore excluded. Finally, the DLB charts ([S2 File](#pone.0161092.s002){ref-type="supplementary-material"}) were developed based on 249 patients (102 men, 147 women; mean age, 78.9±5.9 years; mean MMSE score, 19.0±5.4; mean length of education, 10.5±2.7 years) ([S1 Table](#pone.0161092.s005){ref-type="supplementary-material"}).

The results of PCA for NPI composite scores classified the 12 BPSD into four factors ([S5 Table](#pone.0161092.s009){ref-type="supplementary-material"}). The BPSDs that were loaded into Factor 1 were delusions, hallucinations, agitation, irritability, and eating abnormalities; Factor 2 included depression, anxiety, and eating abnormalities; Factor 3 included apathy, AMB, and sleep disturbances; and Factor 4 included agitation, euphoria, apathy, disinhibition, and irritability. Significant differences were observed between the four CDR groups in scores of the Factors 3 and 4, but not in Factors 1 and 2 ([Table 1](#pone.0161092.t001){ref-type="table"}). Post hoc test results showed the scores of the two factors increased with higher CDR scores. Significant differences were observed between the four CDR groups in NPI frequency scores for delusions, agitation, apathy, AMB, and sleep disturbances; and in NPI severity scores for apathy ([S6 Table](#pone.0161092.s010){ref-type="supplementary-material"}). No differences were observed in NPI-ACD scores. Post hoc test results showed increased frequency in agitation, apathy, and AMB, and increased severity in apathy with higher CDR scores.

The most prevalent symptom was hallucinations in DLB patients with CDR 0.5 and apathy in patients with CDR 1, 2, and 3 ([Table 2](#pone.0161092.t002){ref-type="table"} and [S7 Table](#pone.0161092.s011){ref-type="supplementary-material"}). BPSDs with frequencies that exceeded 50% in all four CDR groups were delusions, hallucinations, and apathy. Frequencies of sleep disturbances also exceeded 50% for all CDR groups except for CDR 0.5 (48.9%). The proportions of patients with S≥2 were 50% or more in many BPSDs in DLB patients with all CDR scores. The proportions of patients with ACD≥M were also 50% or more in five BPSDs in patients with CDR 2. Disinhibition in DLB patients with CDR 1 and CDR 2 met the criteria for BPSDs-LF/HCD in this study.

Vascular dementia (VaD) {#sec013}
-----------------------

Of the 191 VaD patients, 21 had incomplete CDR data and 14 had other dementias were excluded; therefore, the VaD charts ([S3 File](#pone.0161092.s003){ref-type="supplementary-material"}) were developed based on 156 patients (80 men, 76 women; mean age, 75.9±10.0 years; mean MMSE score, 19.6±5.0; mean length of education, 10.8±2.7 years) ([S1 Table](#pone.0161092.s005){ref-type="supplementary-material"}).

The results of PCA for NPI composite scores classified the 12 BPSD into four factors ([S8 Table](#pone.0161092.s012){ref-type="supplementary-material"}). The BPSDs that were loaded into Factor 1 were agitation, disinhibition, irritability, AMB, and sleep disturbances; Factor 2 included depression, anxiety, apathy, and sleep disturbances; Factor 3 included euphoria, AMB, sleep disturbances, and eating abnormalities; and Factor 4 included delusions and hallucinations. Significant differences of factor scores were observed between the four CDR groups in Factors 1 and 2, but not in Factors 3 and 4 ([Table 1](#pone.0161092.t001){ref-type="table"}). Post hoc test results showed the scores of Factor 2 were higher in patients with CDR 1 and 2 than in patients with CDR 0.5.

Significant differences were observed between the four CDR groups in NPI frequency scores for delusions, agitation, apathy, AMB, and sleep disturbances; in NPI severity scores for apathy, irritability, and sleep disturbances; and in NPI-ACD scores for anxiety, apathy, and sleep disturbances ([S9 Table](#pone.0161092.s013){ref-type="supplementary-material"}). Post hoc test results showed increased frequency in delusions, agitation, apathy, AMB, and sleep disturbances; and increased severity in apathy, irritability, and sleep disturbances; and increased ACD in anxiety, apathy, and sleep disturbances with higher CDR scores.

Apathy was the most common BPSD in VaD patients with all CDR scores ([Table 2](#pone.0161092.t002){ref-type="table"} and [S10 Table](#pone.0161092.s014){ref-type="supplementary-material"}). BPSDs with frequencies of 50% or more included sleep disturbances and agitation in VaD patients with CDR 2 and CDR 3, and irritability and delusions in patients with CDR 3. The numbers of symptoms whose proportions of patients with S≥2 and with ACD≥M were 50% or more were equal to or greater than the number of symptoms whose frequencies were 50% or more. Delusions in VaD patients with CDR 0.5 and CDR 1 met the criteria for BPSDs-LF/HCD in this study.

Frontotemporal lobar degeneration (FTLD) {#sec014}
----------------------------------------

Of the 124 FTLD patients, five were CDR 0 and 17 had incomplete CDR data; these patients were therefore excluded. Finally, the FTLD charts ([S4 File](#pone.0161092.s004){ref-type="supplementary-material"}) were developed based on 102 patients (52 men, 50 women; mean age, 69.9±8.4 years; mean MMSE score, 18.2±6.9; mean length of education, 11.7±2.8 years) ([S1 Table](#pone.0161092.s005){ref-type="supplementary-material"}).

The results of PCA for NPI composite scores classified the 12 BPSDs into five factors ([S11 Table](#pone.0161092.s015){ref-type="supplementary-material"}). The BPSD that were loaded into Factor 1 were delusions, agitation, euphoria, disinhibition, irritability, and eating abnormalities; Factor 2 included hallucinations, anxiety, euphoria, and sleep disturbances; Factor 3 included delusions, AMB, and sleep disturbances; Factor 4 included apathy, AMB, and eating abnormalities; and Factor 5 included delusions, depression and anxiety. Significant differences of factor scores were observed between the four CDR groups in Factors 3 and 4, but not in other factors ([Table 1](#pone.0161092.t001){ref-type="table"}). However, post hoc test results showed there were no pairs of patients with each CDR score whose factor scores of Factors 3 and 4 were significantly different.

Significant differences were observed between the four CDR groups in the NPI frequency scores for hallucinations, apathy, disinhibition, irritability, AMB, and sleep disturbances; in NPI severity scores for apathy; and in NPI-ACD scores for disinhibition and sleep disturbances ([S12 Table](#pone.0161092.s016){ref-type="supplementary-material"}). Post hoc test results showed increased frequency in hallucinations, apathy, irritability, and AMB; and increased severity in apathy; and increased ACD in disinhibition with higher CDR scores.

Apathy was the most prevalent BPSD in FTLD patients with CDR 0.5 (68.6%), 2 (92%) and 3 (100%) ([Table 2](#pone.0161092.t002){ref-type="table"} and [S13 Table](#pone.0161092.s017){ref-type="supplementary-material"}). The proportions of CDR 3 patients with S≥2 and with ACD≥M for apathy were 85.8% and 71.5%, respectively, indicating that apathy severity and ACD were also high in patients with CDR 3. The most prevalent symptom in CDR 1 patients was eating abnormalities and the frequency of the symptom was the highest in CDR 1 among all CDR scores, at 77.8%. Although the frequencies of delusions and hallucinations were low in all CDR groups, both symptoms had a frequency of 28.6% in CDR 3 patients. Compared with the other three dementias, the frequency of euphoria was high in FTLD, at 11.4% in CDR 0.5 and 32% in CDR 2 patients. Irritability in FTLD patients with CDR 0.5 met the criteria for BPSDs-LF/HCD in this study.

Discussion {#sec015}
==========

The J-BIRD study collected NPI data from 2447 consecutive patients who came to the J-BIRD centers for the first time during a 5-year period and were suspected of having dementia. Of the 2447 patients, analyses in this study were conducted on 1091 AD, 249 DLB, 156 VaD, and 102 FTLD patients to clarify the trajectories of BPSD in four types of dementia by disease severity. Although previous studies have investigated BPSD by dementia type and disease severity, the study populations were small. Hirono et al. \[[@pone.0161092.ref019]\] investigated 240 AD, 23 DLB, and 24 FTLD patients; Srikanth et al. \[[@pone.0161092.ref020]\] investigated 44 AD, 31 VaD, and 23 FTLD patients; and Hashimoto et al.\[[@pone.0161092.ref033]\] investigated 393 AD and 97 DLB patients. The population of the present study was considerably larger than the previous ones. Although it has been reported that BPSDs vary greatly even in one type of dementia \[[@pone.0161092.ref034]\], the J-BIRD data allow the effects of disease severity on the frequency, severity, and ACD of each BPSD in each dementia to be clarified. Studies to date regarding the association between disease severity and BPSD have mainly investigated patients up to CDR 2 \[[@pone.0161092.ref020], [@pone.0161092.ref033]\], which enhances the value of the CDR 3 patient data obtained in the present study. As the four types of dementia covered in the present study represent 92.2% of all dementias in Japan \[[@pone.0161092.ref035]\], the present charts for BPSD should be applicable for the majority of family caregivers of dementia patients.

BPSDs at CDR 0.5 and how to use the BPSD charts {#sec016}
-----------------------------------------------

The J-BIRD data reflect the present situation of clinic visits of dementia patients because it is comprised of data of consecutive, first-time patients. The most prevalent CDR score of the participants in this study was CDR 1 (43.6%), followed by CDR 0.5 (31.9%), 2 (19.6%), and 3 (4.9%), indicating that dementia patients often visit dementia centers when the patients are at CDR 0.5 or 1. The results of this study showed that various kinds of BPSD were observed with high frequency even in patients with CDR 0.5. The BPSDs with frequencies exceeding 20% at CDR 0.5 were 5 symptoms in AD, 9 symptoms in DLB, 7 symptoms in VaD, and 8 symptoms in FTLD. When a patient and his/her caregiver are given a diagnosis of causal disease of dementia and dementia severity at a hospital, they should also be given the information about which kinds of BPSD are likely to occur at the stage of dementia. Information about the BPSDs that are likely to occur at the next stage of dementia should also be given to a patient and his/her caregiver. They should be instructed not to overlook the BPSDs and to handle them soon after onset while the symptoms are still mild.

Trajectories of BPSDs by dementia severity {#sec017}
------------------------------------------

In this study, we conducted a PCA to integrate 12 kinds of NPI composite score into 3 to 5 factors in each dementia to grasp the associations between BPSD and severity of dementia. The PCA findings demonstrated that disease severity had different effects on BPSD depending on the BPSD and dementia type. The unique pathophysiological process of each kind of dementia may contribute to this variability. The associations between dementia severity and frequency, severity, and ACD were separately analyzed in this study. The frequency and the degrees of severity and ACD were not always correlated with each other in this study, which is consistent with the results of a previous study \[[@pone.0161092.ref025]\]. The ACD was not always in line with the frequency and severity of BPSD, possibly because it was related to a general summation of patients' emotional, behavioral, and functional problems.

### AD patients {#sec018}

In AD patients, the scores of two of the three factors from the PCA, consisting of 11 kinds of BPSD, except for euphoria, increased with increasing CDR scores. The trajectories of the two factor scores are similar to the trajectories of frequency of BPSD in AD patients: in that the frequency of all of the BPSDs except euphoria increased with increasing CDR scores. However, the progression of dementia was significantly associated with the severity of BPSD in only 3 symptoms in AD patients. Although differences in statistical power due to sample size between patients with NPI frequency score and those with NPI severity score may have had some effect, the present findings show that as AD progressed, the frequency increased but the severity of most symptoms did not change.

### DLB patients {#sec019}

The frequencies and severities of many BPSDs at the early stage of dementia were higher in DLB patients than in AD patients in this study. The PCA revealed that in DLB patients, two of the four factors, consisting of 7 BPSDs (apathy, AMB, sleep disturbances, agitation, euphoria, disinhibition, and irritability) increased as the disease progressed. There were no significant differences in the factor scores of the rest of the two factors, which were loaded for delusions, hallucinations, depression, anxiety, and eating abnormalities, between the four CDR groups in this study. These findings indicated that the progressions of BPSD are not always associated with the progression of dementia in DLB patients, which was consistent with the results of our previous study \[[@pone.0161092.ref033]\]. We should inform DLB patients and their caregivers that patients with DLB are likely to have various and severe BPSDs in the early stage of dementia and some BPSD symptoms increase with progression of the dementia.

### VaD patients {#sec020}

The results of the analyses of factor score from the PCA indicated that apathy, sleep disturbances, anxiety, and depression increased with higher CDR scores in VaD patients. The percentages of patients with S≥2 and those with ACD≥M were high in delusions, hallucinations, agitations, depression, and euphoria in VaD patients compared to AD patients in almost all of the CDR groups, especially in VaD patients with CDR 3. These results contradicted the results of a previous report that in severe stages, VaD patients impose a milder distress on relatives than do AD patients \[[@pone.0161092.ref036]\]. The reason for the discrepancy is unclear, but it might be because our patients had more severe cases of VaD than did those in the previous study. This might also explain the lower prevalence of VaD in our study compared to that in the general population \[[@pone.0161092.ref037]\]

### FTLD patients {#sec021}

To our knowledge, no studies have clarified the associations between BPSD and CDR scores in FTLD patients. The PCA in this study revealed that there were no factor scores which were significantly different according to dementia severity in FTLD patients, indicating that NPI composite scores did not change with dementia progression in FTLD. However, significant increases of frequency with increasing CDR were observed between some pairs of CDR groups in hallucinations, apathy, irritability, and AMB in FTLD patients in this study. Significant increase of severity with increasing CDR was also observed in apathy. These findings indicated that some BPSDs increased with progression of the dementia in FTLD patients. The frequencies of eating abnormalities were higher in FTLD patients than in AD patients in all CDR groups. Eating abnormalities in the NPI include rigid dietary preferences, pathological sweet tooth, rushing through meals, and refusing to eat \[[@pone.0161092.ref038]\]. The present study did not collect data on types of eating abnormalities, which may differ depending on CDR.

BPSDs with low frequency and high caregiver distress {#sec022}
----------------------------------------------------

In this study, we focused on low frequency BPSDs that caused high caregiver distress because these symptoms are likely to be overlooked but strongly affect the quality of life of the patients and caregivers. In this study, we would like to discuss the BPSDs-LF/HCD whose percentage of patients with ACD≥M were calculated based on 5 or more patients. The BPSDs-LF/HCD in this study were disinhibition in AD patients with CDR 0.5 and DLB patients with CDR 1 and 2 and delusions in VaD patients with CDR 0.5 and 1. The percentages of patients with ACD≥M for disinhibition were around 50% or more in all dementias with all CDR scores, except for DLB with CDR 0.5, and FTLD with CDR 0.5 in this study. These findings indicated that disinhibition causes greater caregiver distress. Delusions in VaD patients with CDR 0.5 and 1 cause greater caregiver distress than do delusions in AD patients with CDR 0.5 and 1. The present result is consistent with a previous finding that in the early stages, VaD patients impose a greater distress on relatives than do AD patients \[[@pone.0161092.ref036]\].

Hallucinations {#sec023}
--------------

Hallucinations were present in a high proportion (35.5%) of the 45 AD patients with CDR 3. Although it is unclear whether Hirono et al. included CDR 3 patients in their study, as CDR scores were not reported, the overall frequency of hallucinations in AD patients was low, at 5% \[[@pone.0161092.ref019]\]. In the study by Srikanth et al. \[[@pone.0161092.ref020]\], two of the 44 AD patients were CDR 3, and the rest were CDR 1 or CDR 2, and the overall proportion of patients with hallucinations was 4.6%. The proportions of CDR 0.5 and CDR 1 AD patients with hallucinations in the present study, at 4.6% and 7.0%, respectively, were similar to those of previous studies. However, the frequency of hallucinations in CDR 2 patients was high, at 14.5%, suggesting that hallucinations occur more frequently in AD patients as dementia progresses. These results do not contradict previous findings that AD patients with visual hallucinations present with worse cognitive impairment \[[@pone.0161092.ref039]\] and visuospatial abilities \[[@pone.0161092.ref040]\] than do those without visual hallucinations. Hallucinations were observed in two of the seven FTLD patients with CDR 3 (28.6%) in this study, although the small number of patient means the reliability of this finding may be low. The present study showed a possibility of hallucinations in FTLD patients, particularly in cases of severe dementia. Although hallucinations were not observed in any patients with FTLD in studies by Hirono et al. \[[@pone.0161092.ref019]\] and Srikanth et al. \[[@pone.0161092.ref020]\], a recent study reported that 20.6% of 97 FTLD patients had paranoid ideas, and that 17.5% of them had hallucinations and delusions \[[@pone.0161092.ref041]\]. In addition, psychotic symptoms are predominantly observed in patients with right-sided brain degeneration and the majority of patients with the psychotic symptoms were tau-negative \[[@pone.0161092.ref041]\]. Hallucinations were associated with high caregiver distress despite low corresponding frequency and severity, possibly because they are unsettling for the family.

Apathy {#sec024}
------

Apathy was the most common BPSD in all dementias in this study. The frequency of apathy was at least 50% from CDR 0.5 onwards in all dementias, and increased as the disease progressed. Apathy was associated with atrophy of the medial frontal regions, and increasing severity of the symptom was associated with tissue loss in these regions in degenerative dementia patients, including those with AD and FTLD \[[@pone.0161092.ref042]\]. Apathy was observed in at least 90% of CDR 3 patients in all four diseases. Proportions of patients with S≥2 and with ACD≥M for apathy were 64.3% or less and 50.0% or less in AD or DLB patients with CDR 3. However, proportions of patients with S≥2 and with ACD≥M for apathy were 85.8% and 71.5% in FTLD patients with CDR 3. This is thought to be due to the high degree of damage in the medial frontal regions in FTLD.

Limitations {#sec025}
-----------

The present study has several limitations. First, sample sizes for the dementias other than AD were small, therefore, the differences of results between AD and the other three dementias may be attributable to differences in patient number rather than disease characteristics. Second, as there were few patients with CDR 3 overall, the reliability of these data is low compared to patients with CDR 0.5, 1, and 2.

Conclusions {#sec026}
===========

The trajectories of 12 kinds of BPSDs by disease severity were different for each of the four dementias. Eleven BPSDs in AD, seven BPSDs in DLB and four BPSDs in VaD increased with increasing disease severity, while none of the BPSDs in FTLD were affected by disease severity. With the progression of dementia, the trajectories of the frequency of BPSDs were not always similar to the trajectories of the severity and ACD of BPSDs. Four of our results will help caregivers to better understand their patients: 1) The frequencies and severities of many BPSDs at the early stage of dementia were higher in DLB patients than in AD patients. 2) Disinhibition, which causes great caregiver distress, was not frequent in AD or DLB patients. 3) Hallucinations were present in a high proportion in AD and FTLD patients with CDR 3. 4) Apathy was the most common BPSD in all dementias. Charts developed for this study will assist doctors, nurses, and care specialists in explaining preventive measures for each type of BPSD to family caregivers.
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